This paper presents a review of the occurrence of tricetin and its methyl ethers, with respect to their occurrence in the free state. In addition to literature data, our tabulated survey also includes a dozen unpublished results. The review indicates that 5,7,3´,4´,5´-pentahydroxyflavone and its methyl derivatives are more widespread than was known so far. Their presence as aglycones has been proved in a good number of plant species belonging to unrelated families.
Tricin
(5,7,4´-trihydroxy-3´,5´-dimethoxyflavone), the first flavone with 3´,4´,5´-tri-O-substitution that was found in nature, was isolated as the 5-glucoside from leaves of Triticum dicoccum (hence its trivial name) as early as 1931 [1] . Demethylation yielded the parent compound, 5,7,3´,4´,5´-pentahydroxy flavone, which was named tricetin. Harborne wrote in 1967 [2] 'Curiously, the flavone tricetin, which corresponds in structure to the widely distributed anthocyanidin delphinidin and flavonol myricetin, has not yet been isolated from a plant'. For a long time, tricin was assumed to be a characteristic flavone of grasses, sedges and palms [3] , and hence tricetin and its derivatives were expected to occur preferably in monocots. We now know that this first impression was erroneous, as were other assumptions, too, that were made in the early years of chemotaxonomy, when only few data were available. Part of the false impression may also be due to the problems in detecting tricetin derivatives in extracts, as will be discussed later.
As a matter of fact, the pentahydroxyflavone tricetin was reported as a glycoside no sooner than 1968, strangely enough from leaves of Lathyrus pratensis and Thuja occidentalis at the same time [4] , and in the same year also from Metasequoia glyptostroboides [5] . As an aglycone it was not found until 1997, when Campos et al. [6] detected it in pollen of Eucalyptus globulus. Five years later, the same authors reported free tricetin from pollen of further Myrtaceae [7] . It is not surprising, therefore, that it is also found in European Eucalyptus honey [8] and in Australian honey, derived from the Myrtaceae Melaleuca quinquenervia and Banksia ericifolia, but also from the Sapindaceae Guioa semiglauca [9] .
In the following we want to discuss the natural distribution of tricetin methyl ethers in the plant kingdom. Plant origins and references are summarized in Table 1 . Data are presented by order of plant families to allow an easy overview. Unpublished results from our own lab have been included in the table. Localization of the aglycones found, in particular their occurrence as surface flavonoids, has often not been considered by the authors, hence only unsatisfying information like 'whole plant' or 'aerial parts' is available in these cases.
The 7-methyl ether of tricetin has so far not been encountered in nature. From the biosynthetic point of view this appears quite surprising, since 7-methyl derivatives of trivial flavones and flavonols with 3´-and/or 4´-O-substituted B-rings appear to be rather widespread. The corresponding flavonol, myricetin-7-methyl ether (europetin), appears to be of scattered distribution, occurring mainly as glycoside in, for example, Plumbago europaea (Plumbaginaceae) [2] and Sageretia theezans (Rhamnaceae) [10] . Poa huecu Poaceae whole plant [18] Passiflora foetida Passifloraceae calyx, ext.
[15]
Roridula gorgonias Roridulaceae trapping glue [20] Alibertia myrciifolia Rubiaceae aerial parts [19] Asarina procumbens Scrophulariaceae aerial parts., ext.
5,7,4'-triOH-3',5'-diOMe
Tricin Schefflera roxburgii Araliaceae root [33] Phoenix canariensis Arecaceae leaf [34] Arnica montana Asteraceae flowerhead [35] Artemisia frigida Asteraceae aerial parts [36] Artemisia ludoviciana var. ludovic.
Asteraceae leaf [12] Vernonia remotiflora Asteraceae aerial parts [37] Xanthocephalum gymnospermoides var. gymnospermoides Asteraceae aerial parts [38] Epimedium brevicornum Berberidaceae aerial parts [39] Arenaria kansuensis Caryophyllaceae whole plant [40] Agelaea pentagyna Connaraceae leaf [41] Trichophorum cespitosum Cyperaceae stem [42] Eperua bijuga Fabaceae leaf [43] Avena sativa Poaceae aerial parts [44] Gynerium sagittatum Poaceae root [45] Oryza sativa Poaceae leaf [46] Poa huecu Poaceae whole plant [18] Orobanche ramosa Orobanchaceae seed [23] Potentilla viscosa Rosaceae aerial parts., ext.
[47]
Castilleja fissifolia Scrophulariaceae aerial parts., ext.
Rhinanthus angustifolius Scrophulariaceae whole plant [32] Solanum mammosum Solanaceae leaf exudate [48] Wikstroemia indica Thymelaeaceae whole plant [49] 5,5'-diOH-7,3',4'-triOMe Lethedocin Columnea aureonitens Gesneriaceae aerial parts., ext.
Uncarina, 5 spp. Pedaliaciaceae leaf wax [27] Roridula gorgonias Roridulaceae aerial parts [20] Potentilla viscosa Rosaceae aerial parts., ext.
Alibertia myrciifolia Rubiaceae aerial parts [19] Gardenia tubifera Rubiaceae leaves, twigs [16] Lethedon tannaensis Thymelaeaceae leaf [26] Roridula gorgonias Roridulaceae trapping glue [20] Asarina procumbens Scrophulariaceae aerial parts., ext.
Solanum heterodoxum Solanaceae aerial parts., ext.
[48]
5-OH-7,3',4',5'-tetraOMe
Corymbosin Centaurea incana Asteraceae aerial parts [50] Ballota glandulosissima Lamiaceae leaf [53] Walsura piscidia Meliaceae aerial parts [54] Roridula gorgonias Roridulaceae trapping glue [20] Alibertia myrciifolia Rubiaceae aerial parts [19] Webera corymbosa Rubiaceae leaf [29] 5,7,3',4',5'-pentaOMe -Bauhinia championii Fabaceae root [55] Ficus maxima Moraceae leaf [56] Merillia caloxylon Rutaceae fruit [30] Murraya paniculata Rutaceae leaf [57] Neoraputia paraensis Rutaceae aerial parts [58] 
Neoraputia paraensis
Rutaceae fruit [59] The 3´-methyl ether was first reported as a glycoside from Huperzia selago (Lycopodiaceae) and named selgin. Its structure was confirmed by synthesis [11] . The aglycone was first found to occur in Artemisia ludoviciana var. ludoviciana [12] (presumably in the lipophilic glandular exudate). Later it was found in various plants belonging to non-related families.
The 4´-methyl ether was found in 1984 for the first time in leaves of Passiflora palmeri (Passifloraceae) [13] , and later in the leaf exudate of Nonea lutea and N. pulla (Boraginaceae) [14] . We recently detected it also in the exudate of aerial parts of Asarina procumbens (Scrophulariaceae) and on calyces of Passiflora foetida [15] .
Considering the lack of any report on the occurrence of tricetin 7-methyl ether, it is almost surprising that the 7,4´-dimethyl ether has been found in leaves and twigs of Gardenia tubifera (Rubiaceae) [16] . This is, however, the only report so far, while tricetin 7,3´-dimethyl ether is as yet unreported from natural sources.
The 3´,4´-dimethyl ether apometzgerin was first found as a C-glycoside in the liverwort Apometzgeria pubescens [17] . It has since been isolated from the grass Poa hueaca (Poaceae) [18] , from aerial parts of Alibertia myrciifolia (Rubiaceae) [19] , from leaf exudate of Nonea pulla (Boraginaceae) [14] , from trapping glue of Roridula gorgonias (Roridaceae) [20] , and from the exudate of aerial parts of Asarina procumbens (Scrophulariaceae) [15] .
3´,5´-Dimethylation seems to be enzymatically preferred, which corresponds to studies on the sequential O-methylation of tricetin [21] . Thus, 3´,5´-methylation occurs prior to 4´-methylation by a methyl transferase showing broad substrate specifity. The 3´,5´-dimethyl ether tricin was initially considered to be a characteristic flavone of the grasses (Harborne, 1967a) , but was soon also found as glycoside in other taxa, such as Medicago sativa (Fabaceae), Phelipaea ramosa (Orobanchaceae) [22] , and Crocus cambessedesii (Iridaceae) [23] . Later studies revealed that it is quite abundant in Cyperaceae, Poaceae, and Palmae. Kaneta and Sugiyama, for instance, [24] found it in a dozen Poaceae that had been extracted with methanol for 40-50 hours. As discussed earlier, enzymatic hydrolysis may occur during such a long extraction period [25] , so it remains somewhat doubtful whether tricin is really present as an aglycone in all these plants. According to [23] , seed of Orobanche ramosa (Orobanchaceae) is a good source of tricin in the free state. Today it is known to occur as aglycone in at least 20 plant species belonging to various non-related families of dicotyledonous plants, from Asteraceae to Velloziaceae. Data presented in Table 1 may not be complete for this product. It should be mentioned in this context that tricin was the first flavone to be detected in the wings of a butterfly, in free and combined form, as its caterpillar was feeding on grasses [23] .
The 7,3´,4´-trimethyl ether was first isolated from Lethedon tannaensis (Thymelaeaceae) and named lethedocin [26] . During the past few years it was found in 6 further taxa, belonging to 6 different families ( Table 1 ).
The 7,3´,5´-trimethyl ether (also called 7-methyl tricin) is so far known from 9 taxa. It appears interesting that the 7,3´,4´--trimethyl ether and the 7,3´,5´-trimethyl ether occur jointly in Lethedon tannaensis as well as in 5 species of Uncarina (Pedaliaceae) [27] .
The 3´,4´,5´-trimethyl ether had been found quite early in 4 species of Poaceae [24] . This is, therefore, another tricetin derivative that was initially supposed to be a typical constituent of grasses. It is presently known from plants belonging to 6 families of dicotyledons. Surprisingly this trimethylated product was recently found as a 7-O-glucoside in Stachys scardica leaves [28] .
Tricetin-7,3´,4´,5´-tetramethyl ether, called corymbosin after its first source, Webera corymbosa (Rubiaceae) [29] , was reported from 5 further species of dicotyledons, belonging to 5 families. We recently also detected it on aerial parts of Chaenorrhinum minor (Scrophularaceae) [15] .
Tricetin-5,7,3´,4´,5´-pentamethyl ether, first found in fruit of Merrillia caloxylon (Rutaceae) [30] , is presently known from 5 species, 3 of which belong to the Rubiaceae.
Earlier authors stressed that 'tricin is of special taxonomic interest as it is easily distinguished on paper chromatograms by its high mobility in phenol and medium mobility in butanol-acetic acid-water' [3] . In 1967, Harborne wrote: 'Tricin has a distinct colour in u.v. light on paper when treated with ammonia -bright almost fluorescent yellow. It differs from most of the common flavones in its spectral properties in that the short u.v. peak is less intensive than the long-wavelength band' [23] . This fact may be a valuable character once the product has been isolated. However, the various methyl ethers of tricetin appear to be difficult to detect. On thin layer chromatograms (TLC), the relevant spots may be concealed by those caused by apigenin and luteolin derivatives. On polyamide TLC, tricetin-3´-Me may be taken for luteolin, while tricetin-4´-Me behaves almost like apigenin; occurring in a mixture with apigenin-7-Me and ap-4´-Me, tricetin-3´,4´,5´-triMe is hardly visible, while tricetin-7,3´,5´-triMe can be hidden by luteolin-7,3´-Me + lut-7,4´-diMe. Skilful use of polyamide TLC, however, using several solvents, can reveal minor differences in R f values, and sometimes obvious differences in Naturstoffreagenz A reactions. It turned out that the spots of most tricetin methyl ethers show a characteristic reaction when the sprayed plate is exposed either to daylight for a while, or to intense UV 366 for a short time: the spots turn gray in daylight. The same color reaction is observed with apigenin and its 7-, 4´-and 7,4´-methyl ethers, as well as with luteolin and its 3´-, 4´-, 7,3´-, 7,4´-, 3´,4´-, and 7,3´,4´-methyl ethers. In recent years, spots showing this reaction were, therefore, checked very thoroughly. This precaution led us to detect tricetin derivatives in an increasing number of cases. We think, therefore, that in the past tricetin and its derivatives have often been overlooked, admittedly also in our own work. As a consequence, it is reasonable to assume that they are much more widespread than is known today. HPLC analyses and other modern analytical methods might reveal their presence in many further plants in future studies
